Virulence characteristics of Salmonella following deletion of genes encoding the tRNA modification enzymes GidA and MnmE.
Salmonella is an important foodborne pathogen causing major public health problems throughout the world due to the consumption of contaminated food. Our previous studies have shown that deletion of glucose-inhibited division (gidA) gene significantly altered Salmonella virulence in both in vitro and in vivo models of infection. In Escherichia coli, GidA and MnmE have been shown to modify several bacterial factors by a post-transcriptional mechanism to modify tRNA. Therefore, we hypothesize that GidA and MnmE complex together to modulate virulence genes in Salmonella using a similar mechanism. To test our hypothesis, and to examine the relative contribution of GidA and MnmE in modulation of Salmonella virulence, we constructed gidA and mnmE single mutants as well as a gidA mnmE double mutant strain of Salmonella. Results from the in vitro data displayed a reduction in growth, motility, intracellular replication, and invasion of T84 intestinal epithelial cells in the mutant strains compared to the wild-type Salmonella strain. The in vivo data showed a significant attenuation of the mutant strains as indicated by the induction of inflammatory cytokines and chemokines, as well as in the severity of histopathological lesions in the liver and spleen, compared to mice infected with the wild-type strain. Also, a significant increase in the LD50 was observed in mice infected with the mutant strains, and mice immunized with the mutants were protected against a lethal dose of wild-type Salmonella. A pull-down assay indicated that Salmonella GidA and MnmE bind together, and HPLC analysis revealed that deletion of gidA and/or mnmE altered Salmonella tRNA modification. Overall, the data suggest MnmE and GidA bind together and use a post-transcriptional mechanism to modify tRNA to regulate Salmonella pathogenesis.